background: Endometriosis is the most common gynecological diagnosis among women with chronic pelvic pain, but the underlying mechanisms of endometriosis-associated chronic pelvic pain remain unclear. Therefore, the objective of this study was to determine the biopsychosocial predictors of pain improvement among women with endometriosis. methods: One hundred and fifteen women who presented for treatment of endometriosis-associated chronic pelvic pain at a tertiary referral center at a university-based hospital participated in this prospective observational study of clinical practice. Participants completed questionnaires assessing pain, mental health and catastrophizing at entry and 1 year follow-up. The main outcome measure assessed was the interval change in pain report using the McGill pain 1uestionnaire.
Introduction
Among women with chronic pelvic pain, endometriosis has an estimated prevalence of 33%, making it the most common gynecological diagnosis in this population (Guo and Wang, 2006) . To date, the classification and treatment of endometriosis has been based on a biomolecular conceptualization. However, the underlying mechanisms of endometriosis-associated chronic pelvic pain remain unclear. In recent years, there has been a growing interest in the standardized assessment of clinical outcomes in endometriosis. In accordance with the initiative on methods and measurement and pain assessment in clinical trials, such an approach will necessitate the objective assessments in both biomedical and psychosocial domains (Vincent et al., 2010) . To this end, this study examines the biopsychological correlates of pain report at 1 year in a group of women undergoing treatment for endometriosis-associated chronic pelvic pain.
Within the larger community of chronic pain patients, there is a growing recognition that biomedical variables, such as disease severity, cannot sufficiently explain levels of pain and psychological adjustment (Vercellini et al., 2007; Taylor and Williams, 2010) . We speculate that persistent pain in endometriosis may be similar to other pain disorders in that psychosocial variables may play as great of a role as biomedical factors in pain report. Therefore, the assessment of coping mechanisms such as catastrophizing-a well known modifier of chronic pain treatment outcomes-may shed light on the influence of psychosocial domains on gynecological pain report and treatment outcomes.
Catastrophizing is a term that was originally used by Beck et al. (1979) to describe a maladaptive coping style used by patients with anxiety and depressive disorders. More recently, it has been defined as a negative cognitive and emotional coping response to pain, and it includes the tendency to amplify and focus on pain symptoms as well as feelings of helplessness and pessimism (Sullivan et al., 2001) . Catastrophizing has emerged as an important determinant of shortand long-term pain-related outcomes and consistently been associated with higher pain levels. This relationship holds true in a variety of conditions such as neuropathic pain, low back pain and scleroderma (Buer and Linton, 2002; Turner et al., 2002; Sullivan et al., 2005; Edwards et al., 2006a,b; Hanley et al., 2008) . Across both non-patient and chronic pain populations, it has been shown that individuals reporting high levels of catastrophizing demonstrate increased musculoskeletal tenderness and heightened pain sensitivity; they also appear to be at a higher risk for the development of post-surgical and persistent pain syndromes (Severeijns et al., 2001 (Severeijns et al., , 2004 Granot and Ferber, 2005; Turner et al., 2005) .
The exact mechanism through which catastrophizing is related to pain is not entirely understood. It has been postulated that the emotional and cognitive changes that characterize catastrophizing may disrupt descending endogenous pain-inhibitory pathways (Sullivan et al., 2001) . Furthermore, catastrophizing is shown to be associated with enhanced activity in the pain-processing regions of the brain (Gracely et al., 2004; Seminowicz and Davis, 2006; Lloyd et al., 2008) . Most notably, however, since endometriosis is an inflammatory process, findings of a positive association between catastrophizing and inflammatory cytokines in conditions such as rheumatoid arthritis may be relevant to the study of pain in endometriosis (Evers et al., 2003; Yin et al., 2005; Edwards et al., 2008) .
In this study, we hypothesized that among women with endometriosis, those with higher levels of catastrophizing would experience greater pain at baseline and at 1-year. Specifically, we sought to investigate the effect of the following variables on pain report at baseline and 1-year follow up: demographic factors (e.g. age, education, parity), clinical histories (e.g. pain duration, prior treatments), interval treatments (e.g. medical, surgical) and psychosocial factors (e.g. mental health, catastrophizing). For validation purposes, we also investigated whether or not we were able to replicate the findings of others with respect to the beneficial effects of hysterectomy in our cohort (Lamvu, 2011) .
Materials and Methods

Sample and procedure
A total of 115 women with endometriosis were consecutively recruited from a tertiary referral pelvic pain clinic between April 2003 and September 2006. The Institutional Review Board of the University of North Carolina (UNC) approved the study. All English-speaking and literate women between the ages of 18 and 65 who were new referrals for evaluation of endometriosis-associated chronic pelvic pain at the UNC pelvic pain clinic were eligible for participation. We did not exclude anyone based on pre-existing psychological and/or physical condition. These patients were part of a larger, previously published study on psychosocial correlates of chronic pelvic pain (Meltzer-Brody et al., 2007) . From the larger study (n ¼ 628 enrolled of 722 eligible), 459 were new referrals to the clinic and were asked to be in a longitudinal study. Of those, 310 agreed to participate and returned at least one follow-up questionnaire (67.5% return rate). For the current paper, we studied only those new longitudinal patients with endometriosis-associated chronic pelvic pain (n ¼ 123). We excluded eight patients for whom we could not identify medical record data; thus, our cohort consists of 115 participants. Later, we describe in detail our methodology for ascertainment of endometriosis-associated chronic pelvic pain case status.
Following informed consent and prior to examination, participants completed a battery of questionnaires assessing severity of pain, quality of life and psychosocial variables such as catastrophizing. In addition, participants completed a baseline demographic and medical history questionnaire before undergoing standard evaluation by the clinical team. The examining physicians, regionally recognized as experts in the field of pelvic pain, did not review participants' questionnaire responses. Their findings, diagnostic impressions and recommended treatments [e.g. medications, surgery, referral to physical therapy (PT)] at baseline and over the follow-up year were recorded in electronic medical records. A team of four trained research associates then abstracted these data.
We used two complimentary methods for ascertaining case status as endometriosis-associated pelvic pain: (i) patient self-report on entry per demographic questionnaire and (ii) review of electronic medical records. Based on our record review, we could confirm a surgically based diagnosis of endometriosis for 111 patients; four women were surgically diagnosed during the study period. Therefore, our cohort consists of 115 women who were surgically diagnosed with endometriosis and experienced intractable pelvic pain despite conventional treatment modalities; 93% completed the 1 year pain questionnaire.
Measures
Demographic and clinical history
The baseline study entry questionnaire provided demographic and medical history information concerning age, years of education, race, marital status, duration of pelvic pain, number of prior surgeries for pelvic pain and previous hysterectomy. Number of prior surgeries for pelvic pain was truncated to six surgeries in order to reduce outliers. As a result of our population demographics, the race and marital status variables were treated as bivariates in data analyses (e.g. Caucasian versus other, married versus not married). When self-reported data were missing for the duration of pelvic pain and previous hysterectomy variables, information on these variables was obtained from the medical records.
Medical records were abstracted for additional demographic and clinical variables (e.g. parity, co-morbid pain disorder) as well as treatments (e.g. surgical versus medical) utilized over the study period. For secondary analyses, we examined those having the most common type of surgery (e.g. hysterectomy) versus other types of pelvic surgery (e.g. oophorectomy, lysis of adhesions). We also abstracted information about the three common types of medical treatments used before the study and during the follow-up year: (i) PT, (ii) hormonal therapies (e.g. oral contraceptive pills, leuprolide, levonorgestrel-releasing intrauterine system) and (iii) central nervous system medications (e.g. antidepressants, anticonvulsants, sleep aids, muscle relaxants). Patients were considered to have another co-morbid pain disorder if any of the following were noted in the electronic medical records from the initial visit: chronic headaches (migraines), irritable bowel syndrome, interstitial cystitis, fibromyalgia, chronic fatigue syndrome, temporomandibular disorder or chronic lower back pain.
Pain
To determine the severity of pelvic pain at baseline and follow-up, the short form McGill pain questionnaire (SF-MPQ) was used (Melzack, 1987) . The SF-MPQ has two components, the present pain intensity (PPI) and pain rating index (PRI). The PPI component of the questionnaire Catastrophizing and chronic endometriotic pain consists of a visual analog scale and is conventionally used to assess the present pain levels. Consistent with conventional practice, we used the PRI component (McGill total pelvic pain score) in this study since it provides a global multi-dimensional pain severity rating over time. The McGill total pelvic pain score (PRI component) is composed of 15 groups of qualitative descriptors (11 sensory and 4 affective) that are rated on an intensity scale (0 ¼ none, 1 ¼ mild, 2 ¼ moderate and 3 ¼ severe). Participants were asked to rate the descriptors of the pelvic pain they had experienced in the previous 2 weeks. The McGill total pain score was calculated from the sum of the 15 items, with a range of 0 -45. The SF-MPQ is highly correlated with the longer version of the MPQ (Katz et al., 1999) . It has demonstrated a high test-rest reliability of 0.96 (Grafton et al., 2005) and a high internal consistency with a Cronbach's a of 0.86 (Mason et al., 2008) . Cronbach's a was 0.90 at baseline in the current study.
Mental health
To assess mental health, we used the mental health subscale (norm-based scoring) of the short form 12 Health Survey (SF-12) where a high score indicates better mental health. The SF-12 has a high internal consistency and reproducibility with a Cronbach's a of 0.87 (Ware et al., 2002) . It has been shown to be able to discriminate between types and severity of disease between patients with medical disorders alone as well as those with both medical and psychological disorders (McHorney et al., 1993 (McHorney et al., , 1994 . The mental health subscale has strong predictive properties for health outcomes with a test-retest reliability of 0.76 (Ware et al., 1996) . SF-12 Cronbach's a was 0.89 at baseline in the current study.
Catastrophizing
To measure catastrophizing of pain, we used the catastrophizing subscale of the Coping Strategies Questionnaire: CSQ (Rosenstiel and Keefe, 1983) . The CSQ was designed to evaluate cognitive and behavioral coping strategies in chronic pain syndromes. The catastrophizing scale ranges from 0 to 6, with a high score indicating higher catastrophizing (e.g. 'I feel I can't stand it anymore'; 'It is terrible and I feel it's never going to get any better'). This scale has been shown to predict poor health in other clinical samples, such as Irritable Bowel Syndrome patients (Drossman et al., 2000) . Data analyses were performed with the continuous measure; however, in the text, we report the following groups based on their catastrophizing score (range 0 -6): mild (1 -2), moderate (3-4) and severe (5-6). The catastrophizing subscale of the CSQ has extensively been utilized in the literature. It has high internal consistency and reliability with a Cronbach's a of 0.78 (Rosenstiel and Keefe, 1983) . This scale has been found to have strong predictive properties for health outcomes among patients with painful conditions (Robinson et al., 1997; Schanberg et al., 1997) witha test-retest reliability varying from 0.80 to 0.91 (Rosenstiel and Keefe, 1983 ). Cronbach's a was 0.73 at baseline in the current study.
Statistical analyses
Statistical analyses were performed using SAS 9.1. Descriptive statistics (mean and standard deviation for continuous variables; frequency and percentages for bivariate variables) for demographics, pain report and psychological variables are reported for the entire cohort in the 'Descriptive Analyses' section of the results below. We examined the distributions of the pain variables at baseline and at 12 months to ensure approximate normality. Continuous variables (e.g. catastrophizing) were analyzed as continuous variables but were grouped into categories of mild, moderate and severe for presentation and clarity purposes only. Paired Student's t-tests were used to compare changes in pain over time for the group as a whole.
In order to determine predictors for pain severity at baseline and at 12 months, we ran multiple regression analyses allowing variables with P , 0.10 or those with clinical interest to stay in the models (Table I) . For regression analyses of baseline pain (McGill total pelvic pain), we tested the significance of the following predictor variables: (i) demographic factors (age, education, race, marital status, parity), (ii) previous medical history (duration of pelvic pain, number of surgeries for pelvic pain, PT for pain) and (iii) baseline mental health (catastrophizing, SF-12 mental health).
For regression analyses of McGill total pelvic pain at 1 year, we first entered baseline pain into the regression models in order to assess the change in pain over time. We then investigated the joint and independent contributions of baseline variables and treatments used during Those who were ≥40 years old had less pain at baseline than those aged younger than 30 years (P ¼ 0.02).
c Those who had at least a college degree had less pain at baseline than those with some college (P , 0.001) or no more than a high school diploma (P ¼ 0.004). Those who had undergone ≥3 past pelvic surgeries had more pain at baseline than those who had undergone 1-2 past pelvic surgeries (P ¼ 0.01).
e Those who had severe catastrophizing had more pain at baseline than those with mild catastrophizing (P , 0.001).
follow-up period. Thus, the following variables were included in the predictive models of total pelvic pain at 1 year: (i) baseline McGill total pelvic pain score, (ii) baseline mental health (catastrophizing, SF-12 mental health), (iii) demographic factors (age, race, marital status, education) and (iv) interim treatments (surgery, PT, medications) (Table II) . These regression models were run with the continuous form of predictor variables (e.g. catastrophizing, education, age, number of prior pelvic surgeries). For presentation purposes though, we also ran post hoc general linear models with least-squared means (Student's t-tests) for categorical predictors in order to determine which categories of patients (e.g. severe catastrophizing, less than college degree) had more pain. To reduce the number of variables (maximum of nine in all our analysis), we first tested demographic and medical history variables and only included the significant ones in the final model. In addition, due to co-linearity, mental health variables (SF-12 and catastrophizing) were run separately.
Descriptive analyses
Our cohort primarily consisted of Caucasian (85%), married women (67%), aged 19 -45 (85%) with at least some college education (70%); 46% were parous. With a mean duration of 5.6 (+5.3) years of pelvic pain, the majority of our subjects had underwent two previous surgeries (mean 1.9 + 1.7) for treatment of pelvic pain; 34% (n ¼ 39) had a previous hysterectomy at entry into the study. Slightly over half of our participants (n ¼ 64; 55.6%) had been diagnosed with at least one other co-morbid pain condition (e.g. fibromyalgia, migraine headache). Compared with women in the US population, women in our study were considerably below average (approximate 25th percentile) in their mental health status, with a mean SF-12 score of 42.8 + 10.3 (Ware et al., 2002) . Overall, 43.47% of participants scored moderate to severe on catastrophizing (Fig. 1) . Most experienced moderate levels of pain (mean McGill pain score 19.45 + 10.0), with scores higher than those reported for fibromyalgia (15 + 6.7) patients (Geisser et al., 2003) .
Most demographic, clinical and psychosocial characteristics did not differ between patients undergoing medical therapy or medical in conjunction with surgical therapy. However, on average, the non-surgical group entered the study having a longer duration of pelvic pain by 2.4 years (P ¼ 0.01), one additional past surgery for pelvic pain (P ¼ 0.05) and a greater likelihood of having a previous hysterectomy (P ¼ 0.008).
Most patients improved in their pain scores from entry to follow-up (74.8%). Patients reported an average of a 37.4% decrease in pain (P , 0.001) during the year. Both surgical and non-surgical patients improved significantly over time (P , 0.001), with a trend for those having surgery to have a greater mean pain improvement (50.3%) compared with those without surgery (31.2%; P ¼ 0.05). The most common medical treatments included hormonal therapies (59.1%) and central nervous system medications (34.8%). The most common surgeries performed over the year included hysterectomy (11.3%), oophorectomy (11.3%) and lysis of adhesions (10.4%). In further analysis, we found that the trend for improved 1-year pain outcomes among those undergoing surgery was attributable to interval hysterectomy. Thus, in later analyses, we focused on hysterectomy rather than all surgeries.
Baseline pain analyses
We first analyzed the demographic, previous medical history and mental health correlates of baseline total pelvic pain. Greater pain at study entry was associated with younger age (P ¼ 0.02), less education (P ¼ 0.01), more previous pelvic surgeries (P ¼ 0.05), past PT treatment (P ¼ 0.03) and coping with pain by catastrophizing (P , 0.001). Specifically, further analysis showed that those 30 years or younger, those having less than a college degree, those having three or more pelvic surgeries and those who cope via severe catastrophizing had the worst pain at baseline. These predictors accounted for 35% of the variance in baseline pain scores. Catastrophizing alone in these models explained 21% of the variance in pain scores, with those coping by severe catastrophizing having about a 9-point higher pain score (range 0 -45) than those who cope by mild catastrophizing. Since the mental health (SF-12) and catastrophizing measures were highly correlated (r ¼ 20.53; P , 0.001), they could not be in the statistical model simultaneously due to co-linearity. Good mental health (i.e. high SF-12 mental health score) was also associated with less pain at baseline when catastrophizing was not included in the model (b ¼ 20.25; P , 0.001). Table shows results of stepwise multiple regression of pain at 1 year predicted by demographic, baseline pain, interval treatment and psychological variables. Only those variables with P , 0.10 or of interest are in the final models. P values are based on the non-grouped variables. General linear models controlling for all variables were used to obtain least-squared means and standard errors. Continuous variables (years of education, catastrophizing) were grouped for the purpose of presentation and comparison. Those who had at least a college degree tended to have less pain at 1 year than those with a high school diploma or less (P ¼ 0.06), controlling for baseline pain.
c Those with severe catastrophizing had more pain at 1 year than those with moderate catastrophizing (P ¼ 0.03) and those with mild catastrophizing (P ¼ 0.03), controlling for baseline pain.
Pain at 1 year
Controlling for baseline pain, we examined the demographic, medical history, mental health and interval treatments predicting pelvic pain at 1 year (Table II) . Those who had higher pain scores at 1 year after controlling for entry pain were nulliparous (P ¼ 0.002), less likely to have a hysterectomy during the follow-up period (P ¼ 0.008), more likely to receive PT during the follow-up (P ¼ 0.04), slightly more likely to be less educated (P ¼ 0.07) and more likely to cope via catastrophizing at study entry (P ¼ 0.04). Having a hysterectomy explained 8% of the variance in pain at 1 year, after controlling for baseline pain. Of the 13 people who had a hysterectomy during follow-up, only one reported follow-up pain above the median pain score for the entire cohort, compared with 59% of those who did not have this surgery. The predictors of pain at 1 year did not change when we excluded those subjects who entered the study with a previous hysterectomy. Specifically, the standardized parameter estimate and significance (b ¼ 20.287; P ¼ 0.01) for the effect of interim hysterectomy were still notable when those with a prior hysterectomy were excluded from the analyses, compared with the results for the entire cohort shown in Table II .
Catastrophizing was a significant predictor of pain at 1 year, explaining 3% of the variance in pain outcomes. At baseline, however, catastrophizing accounted for 21% of the variance in pain levels. This seemingly unexpected observation is attributable to the inclusion of baseline pain in the 1 year statistical model. Since baseline pain explained a large portion of the variance (41%) in 1 year pain outcomes, not much variance was left to be accounted for by catastrophizing despite its significant association with 1 year pain levels. Changes in pain scores within and between catastrophizing groups (mild, moderate, severe) are shown in Fig. 1 . Although all groups tended to decrease in their pain scores, those who exhibited severe catastrophizing at baseline started and ended the study with higher pain levels. Only those with mild (P , 0.001) and moderate (P , 0.001) levels of catastrophizing showed significant pain improvement at 1 year.
Discussion
Our data suggest that biopsychosocial factors, specifically catastrophizing, may play a pivotal role in pain experience among women with endometriosis-associated intractable pain. In our cohort, pain severity at entry and at 1 year was more related to catastrophizing than demographic and conventional clinical variables. This effect is more pronounced when evaluating group differences, with women who demonstrated severe catastrophizing at baseline having a mean pain score 1.5 standard deviation units higher (effect size d) than those demonstrating mild catastrophizing, indicating a large effect size.
The exact mechanism by which catastrophizing influences baseline pain report and its interval improvement-or lack thereof-is not completely understood. Our pilot study suggests that endometriosis-associated pelvic pain may be more complex in some patients in that pre-existing biopsychosocial factors may play a key role in pain-related outcomes.
Within the pain literature, there continues to be a debate over whether catastrophizing is a cause or a result of chronic pain. To date, there are no longitudinal studies that examine whether catastrophizing is modified by a persistent pain state. There is, however, evidence that in both healthy adults and in those with chronic pain, catastrophizing remains stable over weeks and months, and it may not change even after the resolution of acute pain (Keefe et al., 1989; Sullivan et al., 1995; Edwards et al., 2004) .
Consistent with findings of other investigators, we found that nulliparity (Bulletti et al., 2010) , lower levels of education (Dmowski et al., 1997) and younger age (MacDonald et al., 1999) were associated with higher pain report. Specifically, younger women with lower education were more likely to experience higher pain levels at 1 year following initiation of therapy in our clinics. Nevertheless, the majority of the subjects (74.8%) reported an average of 37.4% reduction in pain at 1 year. Since treatment modalities are guided by clinical judgment and a host of individualized variables, we cannot comment about any specific treatment (surgical versus medical)-related outcomes. However, we can assert that the variables associated with assignment to therapy were consistent with conventional clinical practice. For example, women with previous hysterectomy (P ¼ 0.008), longer duration of pain (likely to be a proxy for previously failed surgical intervention; P ¼ 0.01) and multiple past surgeries for pelvic pain (P ¼ 0.05) were more likely to be managed medically.
We also found that surgical history was related to pain severity and improvement (Leserman et al., 2006) . Specifically, women entering the study with three or more past pelvic surgeries had more pain at baseline than those entering with fewer surgeries. This may be due to multiple surgeries being an indicator of intractable pain that does not improve with treatment. Our study additionally confirms the findings of others concerning the beneficial effect of hysterectomy (Carlson et al., 1994; Farquhar et al., 2006) , while other types of surgery (e.g. oophorectomy) and medical treatments comparatively were not as effective. In fact, those who had prior PT and/or were referred to PT in the intervening year had more pain at both baseline and follow-up. The association between referral to PT and poorer pain outcomes, which is likely to be a surrogate marker for pelvic floor muscle pain, is consistent with our 'clinical observation' in that women with severe pelvic pain often have co-morbid pelvic floor muscle pain and a poor quality of life. This in turn prompts the clinician to make a referral to PT for further evaluation and management.
There are potential limitations that are important in the interpretation of our findings. First, the diagnosis of endometriosis was based on medical records and patient self-report. While all participants had undergone surgical evaluation with subsequent diagnosis of endometriosis-associated intractable pain, we did not have medical record data on histological findings at the time of surgery. Second, due to small sample size, we were unable to investigate the joint and independent contributions of other known psychosocial variables (e.g. histories of trauma and abuse) on interim pain report. Lastly, we were unable to compare the merits of specific treatment modalities in symptom improvement. Treatment allocation was reflective of physicians' practice pattern and patient preference. Since treatment assignment was based on the doctor patient interaction, it is reasonable to assume the 'best case scenario', in that the selected course of therapy had the greatest odds of success in a given patient (Joyce and Piper, 1998; Horne, 1999) . Nonetheless, the magnitude of improvement in pain in this study is analogous to that of other chronic pain conditions (Spiegel et al., 2009) .
Our data suggest that endometriosis is a complex condition in which the traditional one-dimensional focus on end-organ gynecological factors may not be sufficient in advancing our understanding of the optimal treatment of this condition. In our cohort, psychological factors had a significant influence on pain report. Larger studies are urgently needed to parse out the contributions of the neurobiological and psychosocial domains in the genesis and treatment of persistent pain states in women with endometriosis (Edwards et al., 2006a (Edwards et al., ,b, 2009 .Until then, future investigations should take into account the role of psychological factors in pain-related outcomes.
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